(19) 


J 


(12) 


(43) Date of publication: 

2&01.1998 Bulletin 1998/05 


Europdisches Ratentamt 
European Patent Office 
Office eurcpeen des.brevets (11) EP 0 821 024 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCL^: COS J 5/22 


(21) Application number: 97112654.5 

(22) Date of filing: 23.07.1 997 


(84) Designated Contracting States: 

AT BE CH DE DK ES Fi FR GB GR IE IT U LU MC 
NL PT SE 

(30) Priority: 24.07.1996 JP 194196/96 

(71) Applicant: 

ASAHI GLASS COMPANY LTD. 
Ctiiyoda-icu Tokyo 100 (JP) 

(72) Inventors: 

• Terada, Ichiro, 
Asahi Glass Com., Ltd. 
Kanagawa-ku, Yokohama-shi, Kanagawa (JP) 


• HrguchI, Yoshiaki, 
Asahi Glass Com., Ltd. 

Kanagawa-ku, Yokohama-shI, Kanagawa (JP) 

• Miyake, Haruhisa, 
Asahi Glass Com., Ltd. 

Kanagawa-ku, Yokohama-shi, Kanagawa (JP) 

• Umemura, Kazuo, 
Asahi Glass Com., Ltd. 

Kanagawa-ku, Yokohama-shi, Kanagawa (JP) 

(74) Representative: 

Muller-Bor6 & Partner 
PatentanwSlte 
Grafinger Strasse 2 
81671 Munchen (DE) 


(54) Heterogeneous ion exchange membrane and process for its production 


(57) A heterogeneous ion exchange membrane 
comprising an ion exchange resin and a binder polymer, 
wherein the birxJer polymer is a polymer containing at 
least a mixture comprising low density polyethylene and 
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Description 


The present invention relates to a heterogeneous 
ion exchange membrane, particularly an ion exchange 
membrane for adsorbing or permeation separating ions 
in an aqueous solution. 

Ion exchange membranes have been reported in 
many literatures and patents. Styrene-divinylbenzene 
copolymer type homogeneous ion exchange mem- 
branes may be mentioned as the most practical and 
useful ones. In addition to their chemical resistance and 
heat resistance, these ion exchange membranes have a 
merit such that the ion exchange characteristics and the 
selective permeability can be controlled by changing the 
content of divinylbenzene as a crosslinking agent. 
Accordingly, they have been developed as various types 
of products synthesized for various applications. Espe- 
cially in the field of concentrating seawater by electrodi- 
alysis relating to manufacture of common salt, 
membranes having low electrical resistance, a high 
transport number and a high level of function to selec- 
tively permeate monovalent ions, have been developed. 

However, such .styrene-divinylbenzerie copolymer 
type ion exchange membranes are costly since they 
require cumbersome and highly sensitive process steps 
for polymerization and reaction. Further, it Is difficult to 
control the heat thereby generated or the dimensional 
change, and there has been a drawback that the yield 
tends to be low. and the product tends to be expensive. 

On the other hand, in the case of heterogeneous 
ion exchangers which are produced by mixing a pulver- 
ized ion exchange resin with a binder polymer, followed 
by heat extrusion or cast film-forming by means of a sol- 
vent ion exchangers can be obtained inexpensively by 
a relatively simple process free from a polymerization or 
reaction step. Accordingly, many researches have been 
made thereon since about 1950. ' 

For example. U.S. Patent 3.627.703 and JP-B-47. 
24262 disclose a case wherein polypropylene is used 
as the binder polymer. U.S. Patent 4.167.551 . JP-B-52- 
3912 JP-B-53-18472 and JP-B-51-12313 disclose a 
case'wherein a polyolefin such as polyethylene or poly- 
propylene is used. U.S.. Patents 2.681.319 and 
2 681 320 disclose a case wherein polyethylene, 
polyisobutylene, natural rubber, butyl rubbers polyiso- 
prene polychloroprene, styrene-butadiene rubber, 
nitrile rubber or a vinyl chloride-vinyl fatty actd ester 
. copolymer, is used, and U.S. Patent. 5.346.924. W094- 
05850 and Chinese Patent No. 1.044.411 disclose a 
case wherein linear low density polyethylene or high 
molecular weight high density polyethylene is used. 

However, heterogeneous ion exchangers using 
these binders tend to lower electrical resistance, and if 
it is attempted to increase the content of ion exchange 
resins there have been drawbacks such that in the case 
of a thermoplastic resin alone such as polyethylene or 
polypropylene, the strength tends to be low. or the mem- 
brane tends to be brittle, and in the case of a rubber 


such as natural rubber or butyl rubber, the resulting ion 
exchanger tends to be so soft that its handling tends to 
be difficult, and the surface tends to be rough so that 
when formed into a membrane, the product tends to 
5 have many pinholes. Further, the material is so soft that 
it is weak against deformation under pressure, and 
when it is assembled in the form of a membrane in an 
electrodialytic cell, if a pressure is exerted on one side 
thereof it is likely to deform and pinholes are likely to be 
,0 formed! whereby there has been a drawback that the 
liquid flowing in the cell is likely to leak to the low pres- 
sure side in a substantial amount. 

As a means to solve such drawbacks Chinese Pat- 
ent Publication No. 1 .044.41 1 discloses a case wherein 
15 a mixture comprising linear low density polyethylene, an 
ethylene-vinyl acetate copolymer as a flexible material 
and polyisobutene rubber, is used as a binder polymer. 
However the ethylene-vinyl acetate copolymer is poor 
in chemical resistance and durability, and accordingly. 
20 such a method has had a drawback that it is hardly pos- 
sible to obtain an ion exchange membrane having ade- 
quate properties durable for use for a long period of 

time. , *u 

The present invention has been made to solve tne 
25 above-mentioned problems of the prior art and to pro- 
vide a novel heterogeneous ion exchange membrane 
and a process for its production. 

Namely, the present invention provides a heteroge- 
neous ion exchange membrane comprising an ion 
30 exchange resin and a binder polymer, wherein the 
binder polymer is a polymer containing at least a mix- 
ture comprising low density polyethylene and ethylene- 
propylene rubber or ethylene-propylene-diene rubber 
Now. the present invention will be described in 
35 detail with reference to the preferred embodiments. 

In the binder polymer to be used in the present 
invention, the content of the mixture comprising low 
density polyethylene and ethylene-propylene rubber or 
ethylene-propylene-diene rubber, is preferably at least 
40 40 wt%. If the content is smaller than 40wt7o. the result- 
ing film tends to be brittle, or the strength tends to be 
low such being undesirable. The content is particularly 
preferably at least 60 wt%, whereby a product having a 
relatively high membrane strength can be obtained. 
45 As the low density polyethylene constituting the 
binder polymer to be used in the present invention, pre- 
ferred is one having a density of from 0.880 to 0.930 
g/cm^. particularly from 0.900 to 0.926 g/caf and a melt 
flow rate, as an index for molecular weight, of from 3.0 
50 to 30 g/10 min. as measured by JIS K6760. Here, the 
low density polyethylene includes linear low density pol- 
yethylene. Usual low density polyethylene and linear 
polyethylene may be used alone or in combination as a 
mixture. In the case of a mixture, it may be at any mixing 
55 ratio, so long as the physical properties of the mixture 
will be in the above ranges. On the other hand, as the 
ethylene-propylene rubber, preferred is one having a 
propylene content of from 25 to 50 wt% and a Mooney 
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viscosity of from 35 to 50. As the ethylene-propyl en e- 
diene rubber, preferred is one having a propylene con- 
tent of from 25 to 50 wt% and a Mooney viscosity of 
from 40 to 90. 

With respect to physical properties of the mixture s 
comprising low density polyethylene and ethylene^pro- 
pylene rubber or ethylene-propylene-diene rubber, 
which will be used for the binder polymer in the present 
invention, preferred is a polymer having physical proper- 
ties such as a surface hardness (Shore A) of from 80 to w 
97, preferably from 86 to 95. a tensile strength at break 
of at least 130 kg/cm^. preferably 150 kg/cm^. an elon- 
gation at break^of from 700 to 900%. preferably from 
750 to 850% and a Vicat softening point of from 75 to 
1 SO^'C. preferably from 90 to 1 20°C. If the surface hard- is 
ness is lower than 80. the resulting membrane tends to 
be soft, and the surface tends to be rough and weak 
against deformation under pressure, such being unde- 
sirable. If the surface hardness exceeds 97. the mem- 
brane will be strong against deformation under 2C 
pressure, but it tends to be brittle, such being undesira- 
ble. If the tensile strength at break is less than 130 
kg/cm^. the strength of the resulting membrane also 
tends to be low. such being undesirable. If the elonga- 
tion at break is less than 700%. the membrane is likely 2S 
to break, and if it exceeds 900%. the resulting mem- 
brane tends to be soft, such being undesirable. If the 
Vicat softening point is lower than 75°C. the membrane 
is likely to undergo thermal deformation during its use, 
and if it exceeds 130**C. the temperature for the film- 3C 
forming operation becomes high, whereby ion 
exchange groups of the ion exchange resin tend- to be 
decomposed, such being undesirable. 

To attain the above-mentioned physical properties, 
the content of ethylene -propylene rubber or ethylene- 36 
propylene-diene rubber in the mixture comprising low 
density polyethylene and ethylene-propylene rubber or 
ethylene-propylene-diene rubber, is preferably from 10 
to 50 wt%. If the content of rubber is less than 10 wt%. 
the resulting membrane tends to be brittle, and if it 4c 
exceeds 50 wt%. the membrane tends to be soft and 
weak against deformation under pressure, such being 
undesirable. Particularly preferred is one wherein the 
content of rulDber is from 25 to 35 wt%. since it is 
thereby possible to obtain a product excellent in the 4£ 
above-mentioned physical properties, and forming of a 
membrane will thereby be easy 

In a case where other polymers are mixed to the 
mixture comprising low density polyethylene and ethyl- 
ene-propylene rubber or ethylene-propylene-diene rub- 
ber as the binder polymer, such other polymers may 
preferably be polyhydrocarbon olefins such as high den- 
sity polyethylene, ultrahigh molecular weight high den- 
sity polyethylene, polypropylene and polyisobutylene. 

The ion exchange resin to be used in the present 
invention may, for example, be a strongly acidic cation 
exchange resin, a strongly basic anion exchange resin 
or an amphoteric ion exchange resin. Thes resins may 


be used alone or in combination as a mixture. Particu- 
• larly preferred is a cation exchange resin having sulfonic 
add groups introduced to a styrene-divinylbenzene 
copolymer, or an anion exchange resin having quater- 
nary ammonium groups introduced thereto. With 
respect to the mixing ratio of the ion exchange resin par- 
ticles and the binder polymer, the weight ratio of the ion 
exchange resin/the binder polymer is preferably from 
40/60 to 70/30. more preferably from 50/50 to 60/40. If 
the ion exchange resin is less than 40 wt%. the electri- 
cal resistance of the resulting heterogeneous ion 
exchange membrane tends to be remarkable high, such 
being undesirable. If the ion exchange resin exceeds 70 
wt%. the mechanical strength tends to be so low that it 
tends to be difficult to form a membrane. In the present 
invention, in addition to the ion exchange resin arxi the 
binder polymer, other substances, for example, a lubri- 
cant such as glycerol, may be added in an amount of 
from 5 to 1 0 wt%. as the case requires. 

The ion exchange <;apacity of the ion exchange 
resin is preferably from 1.0 to 5.0 meq/g dry resin, more 
preferably from 3.0 to 4.8 meq/g dry resin. With respect 
to the particle size of the ion exchange resin particles, it 
is preferred that the maximum particle size is at most 
150 Mm. and particles having particle sizes of from 100 
to 1 50 Mm constitute at most 5 wt%, based on the entire 
material of ion exchange resin particles, and particles 
having particle sizes of at most 20 pm constitute at most 
20 wt%. If the maximum particle size exceeds 150 ^m. 
or If particles having particle sizes of from 100 to 150 
Mm. constitute more than 5 wt%. pinholes are likely to 
be formed when a heterogeneous ion exchange mem- 
brane is formed, and the mechanical strength of the 
membrane tends to be low, such being undesirable. If 
ion exchange resin particles having particle sizes of at 
most 20 pm exceeds 20 wt%, the surface area of the ion 
exchange resin particles increases too much, whereby 
kneading with the binder polymer tends to be inade- 
quate, and defects are likely to form, such being unde- 
sirable. Further, if heat kneading is carried out 
sufficiently to eliminate defects, it takes time, ion 
exchange groups are likely to be decomposed as the 
kneading temperature increases, or the electrical resist- 
ance of the membrane tends to increase substantially, 
such being undesirable. 

The heterogeneous ion exchange membrane of the 
present invention is prepared by a process which com- 
prises preparing a mixture of solid particles comprising 
the above-mentioned ion exchange resin and a binder 
50 polymer which is a polymer containing the mixture of 
low density polyethylene and ethylene-propylene rMber 
or ethylene-propylene-diene rubber, melt-molding the 
mixture of solid particles to form a membrane product. 
The proportions of the ion exchange resin and the 
5f binder polymer to be used for the above process, are as 
described above. Mixing of low density polyethylene 
and rubber to form the binder polymer, and mixing of the 
binder' polymer with the ion exchange resin., are prefer- 
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ably carried out to obtain the respective mixtures as uni- 
form as possible. In some cases, these mixtures may be 
melt-molded to obtain pellets having a diameter of from 
2 to 6 mm. 

It is preferable to control a water content of the ion 
exchange resin to be not more than 3 \a4% before mix- 
ing. If the water content of the ion exchange resin 
exceeds 3 wt%, the uniformity of the mixture tends to be 
insufficient, such ^:'? ng undesirable. When pellets are 
employed, it is preferable to control a water content of 
the pellets to be not more than 1 wt% before forming a 
membrane. If the water content of the pellets exceeds 1 
wt%. the surface of the membrane product tends to be 
rough, such being undesirable. 

The mixture of the ion exchange resin and the 
binder polymer is, preferably after being mixed uni- 
formly, subjected to melt-molding at a temperature of 
from 130 to 300'C. preferably from 150 to 250°C. For 
the melt-molding, extrusion molding is preferably 
employed. The molded membrane product may. for 
example, be in the form of a film having a thickness of 
400 to. 600 Lim. a hollow fiber having an inner diameter 
of from 300 to 1 .200 (am and a thickness of from 300 to 
500 ^im. or a cylinder having a diameter of from 5 to 50 
mm and a thickness of from 400 to 600 pm. 

The membrane product is preferably dipped in an 
aqueous solution after forming, whereby electric resist- 
ance will be decreased. In this dipping process, an 
aqueous solution includes water It is preferable to use 
delonized water as an aqueous solution. 

The membrane product is dipped preferably m 
deionized water at a temperature of from 40 to 90«C for 
from 0.5 to 72 hours. 

The ion exchange membrane of the present inven- 
tion can be used as an ion exchange membrane useful 
for electrodialysis for e.g. concentrating seawater. dem- 
ineraiizing water, concentrating and recovering acids or 
recovering valuable metals, or for diffusion dialysis for 
e.g. recovering acids, or for a separator for e.g. second- 
ary cells. It is particularly useful for production of Indus- 
trial water and drinking water by electrodialytic 
demineralization of water or for production of pure water 
by self regeneration type electrodialysis. wherein an ion 
exchange resin and an ion exchange membrane are 
used in combination to produce pure water. 

Now, the present invention will be described in fur- 
ther detail with reference to Examples. However, it 
should be understood that the present invention Is by no 
means restricted to such specific Examples. 

* EXAMPLE 1 


As a binder polymer, 70 wt% of low density polyeth- 
ylene and 30 wt% of ethylene-propylene-diene rubber 
were mixed and kneaded in a laboplastomlll at 150°C 
for 30 minutes to obtain a mixture. The physical proper- 
ties of the mixture were such that the surface hardness 
(Shore A) was 95. the tensile strength at break was 1 70 


kg/cm2. the elongation at break was 780%. and the 
Vicat softening point was 105''C. 

On the other hand, as an ion exchange resin. 
Dialon SK-IB (styrene-divinylbenzene copolymer resin. 
5 ion exchange groups: -SOsNa type, apparent density: 
0.825 g/m/. water content: 43 to 50 wt%. Ion exchange 
capacity: 2.0 meq/m/) manufactured by Mitsubishi 
Chemical Corporation being a strongly acidic cation 
exchange resin, was used, and the resin was dried in a 
10 hot air at eO'^C for 24 hours and then pulverized by a jet 
mill. The pulverized particles were sieved by a stainless 
steel mesh to remove particles having particle sizes 
exceeding 150 fim. The particle size distribution of the 
obtained powder particles of ion exchange resin having 
75 particle size of at most 150 ^m was measured by siev- 
ing, whereby particles having particle sizes of from 100 
to 150 pm were 1.2 wt%. and particles having particle 
sizes of at most 20 were 12 .wt%. Such ion 
exchange resin particles and the above-mentioned low 
20 density polyethylene/ethylene-propylene-diene rubber 
rhixture were mixed in a mixing ratio of 60/40 (weight 
ratio) and kneaded in a laboplastomlll at 130'^C at 50 
rpm for 20 minutes. The obtained kneaded product was 
subjected to hot melt pressing by a flat plate press at 
25 160°C to obtain a cation exchange membrane having a 
< thickness of 500 jam. 

The obtained membrane was dipped in deionized 
water at 50°G for 2 days, whereupon the electrical 
resistance of the membrane was measured at an alter- 
30 nate current of 1 ,000 Hz in a 0.5N sodium chloride 
. aqueous solution, whereby -the resistivity was 550 
O'cm. Further, the tensile strength at break of the 
membrane was 2.8 MPa. the elongation at break was 
160%. and the bursting strength was 0.15 MPa. Further. 
35 the permeability of water was measured by putting 
water on one side of the membrane to exert a pressure 
of 0.35 kg/cm^. whereby the water permeation rate was 
as low as 10 m^/h • m^, and deformation of the mem- 
brane against pressure was little. 

40 

EXAMPLE 2 . 

An anion exchange membrane having a thickness 
of 500 jiim was prepared in the same manner as in 
45 Example 1 except that as the ion exchange resin, Diaion 
SA-lOA (styrene-divinylbenzene copolymer resin, ion 
exchange groups: -N(CH3)3Ci' type, apparent density: 
0.685 g/m/. water content: 43 to 47 wt%. ion exchange 
capacity: 1.3 meq/m/) manufactured by Mitsubishi 
50 Chemical Corporation being a strongly basic anion 
exchange resin, was used. The particle size distribution 
of particles of the Ion exchange resin powder having, 
particle sizes of at most 1 50 jiim. was such that particles 
having particle sizes of from 100 to 150 nm were 0.9 
55 wt%. and particles having particle sizes of at most 20 
-nm were 8 wt%. The obtained membrane was dipped in 
. deionized water at 50° for 2 days, whereupon the elec- 
• .trical. resistance of the membrane was measured at an 
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alternate current of 1 .000 Hz in a 0.5N sodium chloride 
aqueous solution, whereby the resistivity was 300 
O • cm. Further, the strength at break of this membrane 
was 2.5 MPa. the elongation at break was 1 50%. and 
the bursting strength was 0. 13 MPa. Further, the perme- 5 
ability of water was measured by putting water on one 
side of the membrane to exert a pressure of 0.35 
kg/cm^, whereby the water permeation rate was as low 
as 30 m//h«m^. and deformation of the membrane 
against pressure was little. w 

EXAMPLE 3 

As a binder polymer. 50 wt% of low density polyeth- 
ylene and 20 wft% of a copolymer of ethylene with hex- is 
ene-l (Mitsubishi Polyethy C6-SF240. tradename, 
manufactured by Mitsubishi Chemical Corporation) and 
30 wt% of ethylene-propylene-diene rubber were mixed 
and kneaded in a laboplastomill at 1 50**C for 30 minutes 
to obtain a mixture. The physical properties of the mix- 20 
ture was such that the surface hardness (Shore A) was 
93, the tensile strength at break was 180 kg/cm^. the 
elongation at break was 800%. and the Vicat softening 
point was 98°C. 

A cation exchange membrane having a thickness of 25 
500 |jm was prepared in the same manner as in Exam- 
ple 1 except that the above polymer was used as the 
binder polymer. The obtained membrane was dipped in 
delonized water at 50**C for 2 days, whereupon the elec- 
trical resistance of the membrane was measured at an 3c 
alternate current of 1,000 Hz in a 0.5N sodium chloride 
aqueous solution, whereby the resistivity was 480 
n • cm. Further, the strength at break of this membrane 
was 2.5 MPa, the elongation at break was 130%. and 
the bursting strength was 0. 12 MPa. Further, the perme- 35 
ability of water was measured by putting water on one 
side of the membrane to exert a pressure of 0.35 
kg/cm^. whereby the water permeation rate was as low 
as 18 mz/h-m^, and deformation of the membrane 
against pressure was little. 40 

EXAMPLE 4 

As a binder polymer, 30 wt% of low density polyeth- 
yiene, 35 wt% of an ethylene/4-methylpetene-1 copoly- 45 
mer (Ultozex 2020L, tradename, manufactured by 
Mitsui Petrochemical Co.. Ltd.) and 35 wt% of ethylene- 
propylene-diene rubber were mixed and kneaded in a 
laboplastomill at 150°C for 30 minutes to obtain a mix- 
ture. The physical properties of the mixture were such so 
that the surface hardness (Shore A) was 90. the tensile 
strength at break was 160 kg/cm^. the elongatipn at 
break was 850%, and the Vicat softening point was 
90*»C. 

An anion exchange membrane having a thickness 55 
of 500 |jm was prepared in the same manner as in 
Exannple 2 except that the above polymer was used as 
the binder polymer. The obtained membrane was 


dipped in deronized water at 50*C for 2 days, where- 
upon the electrical resistance of the membrane was 
measured at an alternate current of 1.000 Hz in a 0.5N 
sodium chloride aqueous solution, whereby the resistiv- 
ity was 250 n • cm. Further, the strength at break of this 
membrane was 2,0 MPa. the elongation at break was 
120%. and the bursting strength was 0.12 MPa. Further, 
the permeability of water was measured by putting 
water on one side of the membrane to exert a pressure 
of 0.35 kg/cm^. whereby the water permeation rate was 
as low as 60 m//h • m^, and deformation of the mem- 
brane against pressure was little. 

EXAMPLE 5 

A cation exchange membrane having a thickness of 
500 j^im was prepared in the same manner as in Exam- 
ple 1 except that to the low density polyethylene/ethyl - 
ene-propylene-diene rubber mixture obtained in 
Example 1. high density polyethylene (Mitsubishi Poly- 
ethy HD-HJ290. tradename, manufactured by Mitsubi- 
shi Chemical Corporation) was mixed in a weight ratio of 
75/25, and the mixture was. used as the binder polymer. 
The obtained membrane was dipped in deionised water 
at 50°C for 2 days, whereupon the electrical resistance 
of the membrane was measured at an alternate current 
of 1 ,000 Hz in a 0.5N sodium chloride aqueous solution, 
whereby the resistivity was 400 O • cm. Further, the 
strength at break of this membrane was 2.0 MPa, the 
elongation at break was 120%, and the bursting 
strength was 0.12 MPa. Further, the permeability of 
water was measured by putting water on one side of the 
membrane to exert a pressure of 0.35 kg/cm^, whereby 
the water permeation rate was as low as 80 m^/h • m^. 
and deformation of the membrane against pressure was 
little. 

COMPARATIVE EXAMPLE 1 

A cation exchange membrane having a thickness of 
500 was prepared in the same manner as in Exam- 
ple 1 except that in Example 1. the ethyl en e-hexene-1 
copolymer (Mitsubishi Polyethy C5-SF240. tradename, 
manufactured by Mitsubishi Chemical Corporation) was 
used as the binder polymer. The obtained membrane ' 
was dipped in deionized water at 50''C for 2 days, 
whereupon the electrical resistance of the membrane 
was measured at an alternate current of 1 iOOO Hz in a 
0.5N sodium chloride aqueous solution, whereby the 
resistivity was as low as 350 Ll * cm, but the strength at 
break of this membrane was 1 .3 MPa, the elongation at 
break was 70%. and the bursting strength was 0.08 
MPa, and thus the strength was poor. Further, the per- 
meability of water was measured by putting water on 
one side of the membrane to exert a pressure of 0.35 
kg/crh^. whereby the water permeation rate was as high 
as 500 m//h • m^. and deformation of the membrane 
against pressure was substantial. 
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COMPARATIVE EXAMPLE 2 

An anion exchange membrane having a thickness 
of 500 Jim was prepared in the same manner as in 
Example 2 except that the low density polyethylene/eth- 
ylene-propylene-diene rubber mixture obtained in 
Example 1 and high density polyethylene (Mitsubishi 
Polyethy HD-I-U290. tradename, manufactured by Mit- 
subishi Chemical Corporation) were mixed in a weight 
ratio of 25/75, and the mixture was used as a binder pol- 
ymer, and the mixing conditions of the anion exchange 
resin powder particles and the above binder polymer 
were changed to 160^C. 50 rpm and 20 minutes. The 
obtained membrane was dipped in deionized water at 
SO^^C for 2 days, whereupon the electrical resistance of 
the membrane was measured at an alternate current of 
1,000 Hz in a 0.5N sodium chloride aqueous solution, 
whereby the resistivity was as high as 1.000 O-cm. 
Further, the strength at break of this membrane was 1.0 
MPa. the elongation at break was 60%, and the bursting 
strength was 0.07 MPa. and thus the strength was low. 
Further, the permeability of water was measured by 
putting water on one side of the membrane to exert a 
pressure of 0.35 kg/cm^. whereby the water permeation 
rate was as high as 2.500 m//h • m^. and deformation of 
the membrane against pressure was large. 

As described in the foregoing, the improved hetero- 
geneous ion exchange membrane of the present inven- 
tion is not only inexpensive but also has merits such that 
the electrical resistance is relatively low and the 
mechanical strength is high. 

Claims 


A heterogeneous ion exchange membrane com- 
prising an ion exchange resin and a binder polymer, 
wherein the binder polymer is a polymer containing 
at least a mixture comprising low density polyethyl- 
ene and ethylene-propylene, rubber or ethylene- 
propylene-diene rubber. 

The heterogeneous ion exchange membrane 
according to Claim 1 . wherein the binder polymer is 
a polymer containing at least 40 wt%. based on the 
binder polymer, of a mixture comprising low density 
polyethylene and ethylene-propylene rubber or eth- 
ylene-propylene-diene rubber. 

The heterogeneous ion exchange membrane 
according to Claim 1 or 2. wherein the mixture com- 
prising low density polyethylene and ethylene-pro- 
pylene rubber or ethylene-propylene-diene rubber 
is a polymer having physical properties such as a 
surface hardness (Shore A) of from 80 to 97. a ten- 
sile strength at break of at least 130 kg/cm^, an 
elongation at break of f rom700 to 900% and a Vicat 
softening point of from 75 to ISC^C. 
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%, The heterogeneous ion exchange membrane 
according to Claim 1 . 2 or 3, wherein the mixture 
comprising low density polyethylene and ethylene- 
propylene rutjber or ethylene-propylene-diene rub- 
ber is a mixture containing from 1 0 to 50 wt% of eth- 
ylene-propylene rubber or ethylene-propylene- 
diene rubber. 

5. The heterogeneous ion exchange membrane 
according to any one of Claims 1 to 4. wherein the 
mixing ratio of the ion exchange resin/the binder 
polymer is from 40/60 to 70/30 (weight ratio). 

6. The heterogeneous ion exchange membrane 
according to any one of Claims 1 to 5. wherein the 
ion exchange resin is a strongly acidic cation 
exchange resin, a strongly basic anion exchange 
resin, an amphoteric ion exchange resin or a mix- 
ture thereof. 

7. A process for producing a heterogeneous ion 
exchange membrane, which comprises preparing a 
mixture of solid particles comprising an ion 
exchange resin and a binder polymer which is a 
polymer containing a mixture comprising low den- 
sity polyethylene and ethylene-propylene rubber or 
ethylene-propylene-diene rubber, melt-molding the 
mixture of solid particles to obtain a membrane 
product. 

8. The process according to Claim 7, wherein the mix- 
ture of solid particles is melt-molded at a tempera- 
ture of from 130 to 300*»C- 

9. The process accading to Claim 7 or 8. further com- 
prises dip-treating the membrane product in an 
aqueous solution. 

10. The process according to Claim 9, wherein the 
aqueous solution is deionized water. 
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